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1.0INTRODUCTION

1.1 Identification

The Viz User Guide describes the purpose, user interaction, and operating environment of the
Viz software application as a Science Analysis Software Element for the MER Project. It is
intended to help new users of Viz become acquainted with the application.

This guide responds to the requirements of the MER Software Development and Management
Plan (SDMP), and insures compliance with NASA and JPL requirements for software
development and management.

1.2 Overview

Viz is a cross-platform software application that handles 3D visualization and user interaction
with a simulated environment. It is the latest application in a series of software tools produced by
the Intelligent Robotics Group at Ames Research Center. As both a desktop application and
networked graphics server, Viz delivers a high degree of flexibility to support the needs of
NASA's evolving robotic planetary exploration program.

Viz was developed primarily for the Mars Polar Lander (MPL) mission, and was used in pre-
landing MPL operational readiness tests and several FIDO and K9 rover tests.

For use in the MER Project, Viz has been adapted to operate with the data products produced by
the Athena Science Payload and the MER platform. New features have also been added to Viz
to increase its usefulness for science analysis and operations. A description of the role of Viz in
the MER Project is contained in the Athena Science Implementation Plan.

1.3 Related Documents

Title Designation
Science Devel opment and Management Plan 420-1-202, JPL D-20719
Athena Science Implementation Plan 420-1-201, JPL D-20458

2.0 EXECUTION PROCEDURES

2.1 System Overview

Viz is a desktop application that alows a user to manipulate and study a smulated 3D
environment. The simulated environment is loaded in to the application from Virtua Reality
Markup Language models, VISTA terrain files, or XY Z maps generated from stereo image pairs.
For the MER Project, Viz will be able to utilize data derived from Pancam, Navcam, and
Hazcam stereo image pairs. Both terrain and robot (rover) models are allowed in the smulated
environment and both can be manipulated in useful ways.

To simplify the task of the user, Viz divides functionality in to two categories: 1) loading and
maintaining the models in the ssimulated environment, and 2) interacting with and studying the
environment. In both cases, al actions are done through a graphical user interface once the
application has been launched.
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2.2 Launching and Terminating Viz
After Viz has been properly installed on a workstation, it can be launched at any command

prompt by typing:

>>vViz

Alternatively, a Viz icon (M) may appear in the application menu. Selecting the icon will aso
launch the application. The user is not required to enter any command line arguments when
launching Viz.

A successful launch of Viz will create a new window on the desktop titled “Main — Viz”. While
an operating session in Viz is active, this window will always be visible on the desktop or in the
taskbar. To terminate a session, close the Main window.

2.2 Loading and Maintaining the Simulated Environment

The functionality for loading and maintaining the simulated environment is located in the Main
window. The window contains an object tree displaying the relationship between all available
objectsin the environment. Thistreeis synonymous with the smulated environment.
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Figure 1. Main window (containing objects for the Mars Pathfinder environment)

3D models that have been loaded into Viz are visible in the object tree. Each object in the treeis
assigned a type so that Viz can handle it appropriately. The object types include terrains and
robots (rovers), and also cameras, lights, groups, and abstract objects. Some functions are
available only for terrain objects, while others only apply to cameras. See Appendix A for more
information about object types and how they are used by Viz.

A menu bar containing buttons for the operations available to load and manipulate objects in the
tree is also contained in the Main window. The operations to manipulate the object tree are, for
the most part, familiar file operations (such as Open or New) that one would expect to encounter
in other applications. A list and description of these operationsis contained in Appendix B.



JPL D-XXXXX MER420-x-xXxx

The fina element of the Main Window is a status bar hat displays information related to the
current activity of the application.

The Main Window also provides access to tools that operate on the entire environment. These
include color mapping and location specification. Color mapping can adjust the color of al
terrain objects to reflect the elevation or slope of the data points. Enabling and customizing this
feature is done through the dialog shown below.
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Figure 2. Color Mapping dialog accessible from Main Window

Thelocation isaglobal property that affects the entire environment. Setting the planet, latitude
and longitude, and time that best describes the environment specifies the location. This
information is used by Viz to calculate the position of the Sun and other Solar System objects
relative to the environment for rendering shadows and showing vectors. Use the Planet,
Location, and Time dialog to specify the location.

i Planet, Location, and Time - ¥iz ﬂﬂ
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Figure 3. Planet, Location, and Time dialog for specifying the location of the environment
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2.3 Interacting with the Simulated Environment

The user interacts with the environment in a Viewer window. Multiple Viewers can be open at
one time, each displaying all or part of the object tree. Much of the primary functionality of Viz
is accessible from within this window.

A Viewer consists of arendering area where the user can view and interact with the simulated
environment, and several tool panels that contain operations and displays for directing the
interaction. The primary operations available for interacting with and studying the environment
are divided into view tools, point tools, and grid tools. Appendix C discusses each of these tools.
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Figure 2. Viewer window (displaying Mars Pathfinder environment)

The user can aso configure various parameters of each Viewer using its Options dialog. Stereo
rendering, wire frame drawing, and lighting conditions can be specified with this dialog; whichis
described in Appendix D.
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Options Pages

L4 Yiewer Opkions

> Light | & Scene |
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o Off Offset; IEI.'IEI 3:
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Cloze

Figure 3. Viewer Options dialog
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APPENDIX A: Object Types

Viz distinguishes between 7 object types. All object types share certain basic properties. These
common attributes include atitle, a parent object, and a coordinate frame transformation relative
to the parent. Below is atable describing the object types and their unique properties

individually.

Type

Description

& Abstract Object

In some cases, it is useful to add objects to the object tree that do
not represent specific items. For example, graphs that display data,
or shapes that change size or color in response to an external input,
would fall into this category. Thisisthe least used type of object in
Viz and only has material hints as an additional property.

@ Camera

Although each viewer hasits own camera(s), the object tree can
hold cameras as well. Two classes of cameras are availabe: 1)
perspective, and 2) orthographic. Each camera class has afield of
view. For a perspective camera, the field of view isgivenin
degrees, whereas for an orthographic camera, the field of view
indicates the dimensions of the camera.

£ Group

Thistype of object issimilar to afolder or directory. Its purposeis
to contain other objectsin logical groups.

¢ Light

Scenes must be illuminated by light to make them visible. A viewer
hasits own light, called ambient light, but the object tree can hold
lights aswell. Three classes of lights are available: 1) directional,

2) point-source, and 3) spotlights. All three classes of lights share
the basic property of color. A transform affects each class of lights
in adifferent way. For directiona lights, only the rotation
component of the transform is used, for point-source lights, only
the translation component is used, and for spotlights, the entire
transform is used.

3 Robotic Component

Objects that are robots or parts of robots are assigned this type.

% Terrain Objects that represent the surface of the environment are terrains.
Thisistypically the primary object type, since the ground is the
part of the environment of interest.

4 Target Important locations can be marked as targets to help the user keep

track of information. In some cases, targets can be shared with
WITS to facilitate working with both applications.
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APPENDI X B: Object L oading and M anipulation Actions

Action

Description

2D Image

Displays the image associated with the currently highlighted object.

% About

Displays a small dialog containing the version number of the
application and other ancillary information.

About Qt

Displays a small dialog containing the version number and brief
description of the shared library of Qt used by the application.

Color Mapping

Displays adialog for controlling how all terrain objects are colored.
Thisiswhere elevation maps and slope maps can be enabled and
disabled.

X

Delete Object

Removes the currently highlighted object (and all of its children)
from the object tree.

New...

Displays adialog similar to the properties dialog that allows the user
to create an empty group, anew camera, or anew light.

figy

Object Properties

Displays a properties dialog containing the type, parent, and other
information associated with the currently highlighted object. In some
circumstances, the user can edit an object’s properties as well.

T

Open...

Displays a standard open file dialog to allow the user to select a*.viz
file to open. Other file types, such as*.wrl and *.iv can be imported
here, too. After selecting afile, the open file dialog may be followed
by an additional dialog similar to the properties dialog. The user will
be prompted to enter information describing the object being opened
or imported.

Planet, Location,
and Time

Displays a dialog to specify the planet, latitude, longitude, and UTC
time needed to calculate the sun and shadow positions for the
environment..

E saeAs.

Writes the object tree structure of the currently highlighted object and
its children to disk. A standard save file dialog is displayed to allow
the user to enter afile name. Note: This file may not be sufficient to
transfer data to another computer or user. Some parts of data objects,
such as the images used to texture terrains, may not be included
directly in thisfile, but rather linked indirectly.

Status History

Displays a simple dialog showing the last 100 status message.

B4 View Object

Creates anew Viewer Window to render the currently highlighted
object and its children. Read more about Viewer windows in Section
2.2

APPENDI X C: Toolsfor Interacting with the Simulated Environment
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Tool Description

H ciid Overview

Several types of grids are available to superimpose on the scene. These
include a cartesian grid and aradia grid. The grid can be trandated
and rotated. In addition, its color and transparency can be specified.

Cursor
When a Viewer isin grid tool mode, the cursor can be used to rotate
and position the grid:

e Left button: Click and drag to rotate the grid

e Right button: Click to re-center the grid

4= Point Overview

The user can perform measurements on the scene by using the point
tool. This panel provides three measurements: individual point,
distance line, and poly line.

e Individual point: Displaysthe XY Z position, surface normal,
and sun incidence angle for the picked point. The distance and
azimuth from the origin of the current reference frame is also
calculated.

e Digtanceline: Displays the distance and azimuth between two
points, aswell asthe individual point data.

e Polyline: Allows the user to outline aregion for calculating
surface area and volume.

Additional vectors may be available to display at each point, such as
the direction to Earth, Mars, or a spacecraft. These are displayed in the
“Vectors’ box and can be enabled using the checkboxes next to the
vector names.

Cursor
When a Viewer isin point tool mode, the cursor can be used to pick
points in the environment:

e Left button: Pick point
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B View

Overview

Each viewer provides two cameras. 1) The <<Default>> cameraisa
fully configurable camerafor interacting with the scene. The user can
modify its position either in the tool panel, or by using the mouse in
the rendering area. 2) The <<Map Projection>> cameraisapartialy
configurable camera that simulates an orthographic map of the scene
(viewed down the gravity-axis). The dimensions of the map are
equivalent to the camera's field of view.

Additional cameras can be used to render the sceneif they arein the
object tree. These cameras are not configurable from the tool panel and
cannot be positioned using the mouse in the rendering area.

Cursors

When a Viewer isin point tool mode, two cursors are available to
reposition the selected camerain the environment: the standard
navigation cursor and the focal point cursor.

Standard Navigation Cursor:

Left button: Click and drag to swing the camera
Middle button: Click and drag up/down to zoom in/out
Middle wheel: Rotate to zoom in/out

Right button: Click and drag to slide the camera

Focal Point Cursor:
o Left button: Set focal point and zoom in
e Middle button: Click and drag up/down to zoom in/out
e Middle wheel: Rotate to zoom in/out
e Right button: Set focal point and pan camera
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APPENDI X D: Viewer Options

The Options dialog of a Viewer window provides the ability to customize the rendering and
appearance of the ssimulated environment for each window. Settings are divided in to three pages
as listed below:

Page Description

¥ Light Options Select which lightsin the object tree are used to illuminate the
Viewer's environment from this page. Click the checkbox next to a
light to turn it on or off.

Shadows may also be cast from an individual light using the controlsin
this page (if supported by hardware). Click on alight and then the
“Show shadows from the light” checkbox to enable shadow casting in
the viewer. The“Clear al” button will turn off shadow casting.

1 viever optons
H Render | & Light I & Scene |

— fwailable Lights

L IPlanet| Headight
o <chmbients

- [vpe Calar

| Directional x| ( Edit.
i Direction :

Joez | TS Jo.4z

— Shadow Casting
[T Show shadows from this light [Clear all]

Cloze
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@8 Render Options

Viewers typically render a scene from a single camera. But they can
also render a scene using 2 cameras to simulate stereo vision. Viz
supports 2 types of stereo rendering: 1) hardware stereo rendering such
asfor CrystalEyes® by StereoGraphics, and 2) anaglyph stereo
rendering for red/blue glasses.

To enable stereo viewing (if supported by hardware) select the style
you desire. Then adjust the offset and toe-in angle to your comfort.

The viewer can also render an environment with avariety of surface
optionsthat are controlled by the “Draw Style”.

Solid (Texture): Overlays a PanCam, NavCam, or other image
on the terrain if asuitable oneis available.

Solid (No Texture): Shows the terrain as a single color or, used
in combination with the elevation and slope maps, a spectrum
of colors. Thisisideal for viewing the terrain as alambertian
surface or with shadow casting enabled.

Wireframe Only: Shows the terrain as a set of polygons
connecting the data points used to represent the surface.

Points Only: Shows only the data points used to represent the
surface.

Bounding Box: Shows an outline of a box that encompasses the
entire scene.

L4 Yiewer Options : ﬂﬂ
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— Stereo Style —— — Sterea Parameters i
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P scene Options

Specia effects can be customized in this page. The user can set a
background color or image (which is mapped around a sphere) here
and also simple fog options.




